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(57)  Aserver (2) manages power balancing resourc-
es electrically connected to a power network (MG). The
server (2) includes a processor (21). In response to re-
ceipt of input of a travel schedule including a date and
time of travel, a departure point, and a destination point
from a user of the vehicle (7; 8), the processor (21) pre-
dicts a power supply and demand balance on the power
network (MG) for the date and time of travel, based on
power supply and demand performance information of

the power network (MG). In response to prediction that
the power supply and demand balance is going to be
adjusted on the date and time of travel, the processor
(21) provides the user suggestion to keep the vehicle (7;
8) connected to the power equipment (17) on the date
and time of travel and a reward for the vehicle (7; 8) re-
sponding to a request to adjust the power supply and
demand balance.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present disclosure relates to servers and
power supply and demand balancing methods.

2. Description of Related Art

[0002] Japanese Unexamined PatentApplication Pub-
lication No. 2021-129441 (JP 2021-129441 A) discloses
a power management system for managing power that
is transferred between bidirectional charging stations to
which a plurality of electrified vehicles can be connected
and a power network. In this power management system,
a server balances power that is transferred between the
bidirectional charging stations and the power network by
using electrified vehicles that are connected to the bidi-
rectional charging stations during a period including a
power supply and demand balancing period on the power
network.

SUMMARY OF THE INVENTION

[0003] Inthe above power management system, elec-
trified vehicles that are not connected to the bidirectional
charging stations during the power balancing period on
the power network cannot respond to a request to par-
ticipate in power balancing. In this case, since these elec-
trified vehicles cannot be used as power balancing re-
sources, it may be difficult to adjust the power supply and
demand balance on the power network.

[0004] The present disclosure provides a method for
keeping the power supply and demand balance on a pow-
er network while taking user benefits (convenience and
economic value) into account.

[0005] A server according to a first aspect of the
present disclosure is a server that is configured to man-
age power balancing resources electrically connected to
apower network. The power balancing resources include
power equipment configured to supply power from a ve-
hicle to the power network and to charge the vehicle from
the power network. The server includes a processor and
a memory storing a program that is executable by the
processor. The processor is configured to, in response
to receipt of input of a travel schedule including a date
and time of travel, a departure point, and a destination
point from a user of the vehicle, predict a power supply
and demand balance on the power network for the date
and time of travel according to the program, based on
power supply and demand performance information of
the power network. The processor is configured to, in
response to prediction that the power supply and demand
balance is going to be adjusted on the date and time of
travel, provide the user at least one of: suggestion to
keep the vehicle connected to the power equipment on
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the date and time of travel; and a reward for the vehicle
responding to a request to adjust the power supply and
demand balance.

[0006] According to the above aspect, the user can
select to either travel to the destination point with the
vehicle on the day of travel, or keep the vehicle connected
to the power equipment as suggested by the server to
have the vehicle participate in adjusting the power supply
and demand balance, based on his or her schedule for
the day of travel. Alternatively, the user can receive the
reward in the case where the user uses a means of trans-
portation other than the vehicle on the day of travel to
have the vehicle participate in adjusting the power supply
and demand balance. The server can thus encourage
the user to have the vehicle participate in adjusting the
power supply and demand balance while ensuring con-
venience and economic value for the user. It is therefore
possible to keep the power supply and demand balance
while taking user benefits into account.

[0007] The processor may be configured to suggest
traveling from the departure point to the destination point
using public transportation as the suggestion.

[0008] According to the above aspect, suggesting
traveling using public transportation allows the user to
select to either travel with the vehicle, or travel with the
public transportation to have the vehicle participate in
adjusting the power supply and demand balance, based
on his or her schedule for the day of travel. The user can
also receive the reward for using the public transporta-
tion.

[0009] The processor may be configured to create a
firsttravel route using the vehicle and at least one second
travel route using the public transportation, based on the
travel schedule. The processor may be configured to
present the first travel route and the at least one second
travel route together with required travel time of each
travel route to the user.

[0010] According to the above aspect, the user can
select a suitable travel route based on his or her schedule
for the day of travel by taking the required travel time of
each travel route presented by the server into account.
It is thus possible to encourage the user to have the ve-
hicle participate in adjusting the power supply and de-
mand balance while ensuring convenience for the user.
[0011] The processor may be configured to calculate,
for each of the first travel route and the at least one sec-
ond travel route, power consumption per occupantduring
the required travel time. The processor is configured to
set priorities for the first travel route and the at least one
second travel route in ascending order of the power con-
sumption per occupant. The processor is configured to
present the first travel route and the at least one second
travel route to the user in descending order of priority.
[0012] According to the above aspect, the user can
select a suitable travel route by taking into account his
or her schedule for the day of travel and the power con-
sumption per occupant. In the case where the user se-
lects a travel route with small power consumption per
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occupant, power consumption on the power network on
the day of travel can be reduced.

[0013] The processor may be configured to predict,
based on the power supply and demand performance
information, a time period during which the power supply
and demand balance is going to be adjusted on the date
and time of travel, and present the predicted time period
to the user.

[0014] According to the above aspect, the user can
select a travel route that is considered suitable in terms
of convenience and/or economic value for him or her, by
taking into account his or her schedule for the day of
travel and the time period during which the power supply
and demand balance is going to be adjusted.

[0015] The processor may be configured to present
information on the reward to the user.

[0016] According to the above aspect, the user can
select a travel route that is considered suitable in terms
of convenience and/or economic value for him or her, by
taking his or her schedule for the day of travel and the
reward into account.

[0017] The processor may be configured to, when the
processor receives input of an attribute of the user to-
gether with the travel schedule, determine whether to
provide the user the suggestion depending on the at-
tribute of the user.

[0018] According to the above aspect, it is possible to
suggest only those users who have no trouble using a
means of transportation other than the vehicle to keep
the vehicle connected to the power equipment.

[0019] The processor may be configured to provide the
suggestion when the user has a first attribute, and not to
provide the suggestion when the user has a second at-
tribute. The first attribute includes able-bodied. The sec-
ond attribute includes at least one of the following: with
disabilities, elderly, pregnant, and having a child.
[0020] Accordingtothe above aspect, those userswho
are likely to have reduced mobility will not be suggested
to keep the vehicle connected to the power equipment.
This ensures convenience for such users.

[0021] The processor may be configured to create a
firsttravel route using the vehicle and atleast one second
travel route using public transportation, based on the
travel schedule. The processor may be configured to cal-
culate, for each of the first travel route and the at least
one second travel route, the reward to be provided to the
user and physical burden on the user. The processor is
configured to set priorities for the first travel route and
the at least one second travel route in descending order
of the reward when the user has the first attribute. The
processor is configured to set priorities for the first travel
route and the at least one second travel route in ascend-
ing order of the physical burden when the user has the
second attribute. The processor is configured to present
the first travel route and the at least one second travel
route to the user in descending order of priority.

[0022] According to the above aspect, a travel route
with light physical burden is preferentially suggested to
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those users who are likely to have reduced mobility. This
implements a suggestion considering user convenience.
[0023] A power supply and demand balancing method
according to a second aspect of the present disclosure
is a power supply and demand balancing method in which
power balancing resources electrically connected to a
power network is managed. The power balancing re-
sources include power equipment configured to supply
power from a vehicle to the power network and to charge
the vehicle from the power network. The power supply
and demand balancing method includes: in response to
receipt of input of a travel schedule including a date and
time of travel, a departure point, and a destination point
from a user of the vehicle, predicting a power supply and
demand balance on the power network for the date and
time of travel, based on power supply and demand per-
formance information of the power network; and, in re-
sponse to prediction that the power supply and demand
balance is going to be adjusted on the date and time of
travel, providing the user at least one of suggestion to
keep the vehicle connected to the power equipment on
the date and time of travel and a reward for the vehicle
responding to a request to adjust the power supply and
demand balance.

[0024] According to the above aspect, the user can
select to either travel to the destination point with the
vehicle on the day of travel, or keep the vehicle connected
to the power equipment as suggested by a server to have
the vehicle participate in adjusting the power supply and
demand balance, based on his or her schedule for the
day of travel. Alternatively, the user can receive the re-
ward in the case where the user uses a means of trans-
portation other than the vehicle on the day of travel to
have the vehicle participate in adjusting the power supply
and demand balance. The server can thus encourage
the user to have the vehicle participate in adjusting the
power supply and demand balance while ensuring con-
venience and economic value for the user. It is therefore
possible to keep the power supply and demand balance
on the power network while taking user benefits into ac-
count.

[0025] According to the present disclosure, the power
supply and demand balance on the power network can
be kept while taking user benefits (convenience and eco-
nomic value) into account.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features, advantages, andtechnical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like signs denote like ele-
ments, and wherein:

FIG. 1 shows a schematic configuration of an electric
power system according to an embodiment;

FIG. 2 is a flowchart of a process related to setting
of a travel route with a user terminal;
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FIG. 3 is a flowchart of an example of a step of gen-
erating travel route information (S25 in FIG. 2);
FIG. 4 shows a display example based on travel
route information generated in S259 of FIG. 3;
FIG. 5 shows a display example based on travel
route information generated in S257 of FIG. 3; and
FIG. 6 shows a display example based on travel
route information generated in S261 of FIG. 3.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, an embodiment of the present dis-
closure will be described in detail with reference to the
drawings. The same or corresponding portions are de-
noted by the same signs throughout the drawings, and
description thereof will not be repeated.

Overall Configuration of Electric Power System

[0028] FIG. 1 shows a schematic configuration of an
electric power system according to an embodiment of
the present disclosure. An electric power system 100 in-
cludes a CEMS 1, a CEMS server 2, a receiving substa-
tion 3, a power grid 4, a power transmission and distri-
bution operator server 5, a public transportation server
6, and auserterminal 9. The term "CEMS" means a com-
munity energy management system or a city energy man-
agement system.

[0029] The CEMS 1 includes a home energy manage-
ment system (HEMS) 13, a generator 14, a variable re-
newable energy source 15, an energy storage system
(ESS) 16, a plurality of pieces of bidirectional charging
equipment (electric vehicle supply equipment (EVSE))
17, a plurality of vehicles 7, 8, a train 10, and a bus 11.
In the CEMS 1, these components form a microgrid MG.
The microgrid MG is an example of the "power network"
according to the present disclosure.

[0030] The HEMS 13 is a system that manages supply
and demand of power that is used at home. The HEMS
13 includes household appliances (lighting fixtures, air
conditioners, other electrical appliances, etc.) that are
operated by power supplied from the microgrid MG. The
HEMS 13 may include a photovoltaic panel, a home heat
pump system, a home cogeneration system, and a home
energy storage battery. The HEMS 13 further includes
an HEMS server 130 capable of bidirectional communi-
cation with the CEMS server 2.

[0031] The generator 14 is power generation equip-
ment that is independent of weather conditions. The gen-
erator 14 outputs generated power to the microgrid MG.
The generator 14 may include a steam turbine generator,
a gas turbine generator, a diesel engine generator, a gas
engine generator, a biomass generator, and a stationary
fuel cell. The generator 14 may include a cogeneration
system that uses heat generated during power genera-
tion.

[0032] The variable renewable energy source 15 is
power generation equipment whose power generation
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output varies depending on weather conditions. The var-
iable renewable energy source 15 outputs generated
power to the microgrid MG. Although photovoltaic power
generation equipment (photovoltaic panel) is illustrated
in FIG. 1, the variable renewable energy source 15 may
include wind power generation equipment instead of, or
in addition to, the photovoltaic power generation equip-
ment.

[0033] The energy storage system 16 is a stationary
power source that stores power generated by the variable
renewable energy source 15 etc. The energy storage
system 16 is a secondary battery. For example, the en-
ergy storage system 16 is a lithium-ion battery or nickel
metal hydride battery that is a battery used in a vehicle
(recycled product). However, the energy storage system
16 is not limited to the secondary battery, and may be a
power-to-gas device that produces gaseous fuel (hydro-
gen, methane, etc.) using surplus power.

[0034] Each piece of bidirectional charging equipment
17 is electrically connected to the microgrid MG, and is
configured to perform charging and discharging (power
supply) from and to the microgrid MG. The bidirectional
charging equipment 17 is an example of the "power
equipment.”

[0035] Specifically, the vehicles 7, 8 may include a
plug-in hybrid electric vehicle (PHEV), a battery electric
vehicle (BEV), and a plug-in fuel cell electric vehicle
(PFCEV). Each vehicle 8 includes a Human Machine In-
terface (HMI) 80 for transferring various kinds of infor-
mation between a vehicle and a user. The HMI 80 is, for
example, a display with a touch panel (not shown) for a
navigation system. Although not shown in the figure,
each vehicle 7 also includes an HMI.

[0036] At least part of the vehicles 7, 8 is configured
to be supplied with power from the microgrid MG when
a charging cable of the bidirectional charging equipment
17 is connected to an inlet (not shown) of the vehicle.
This form of power supply is also referred to as "external
charging." At least part of the vehicles 7, 8 is configured
to supply power to the microgrid MG when the charging
cable of the bidirectional charging equipment 17 is con-
nected to the outlet (not shown) of the vehicle. This form
of power supply is also referred to as "external power
supply." The vehicles 7, 8 may include vehicles config-
ured to perform both external charging and external pow-
er supply.

[0037] The train 10 is a railroad car intended to trans-
port a plurality of passengers, and has passenger cars
that passengers can get on and off. The train 10 travels
on tracks as it is supplied with power from the microgrid
MG. The train 10 is configured to perform power running
using power supplied from the microgrid MG and regen-
eration in which the train 10 supplies regenerative power
generated by regenerative braking back to the microgrid
MG.

[0038] The bus 11 is a vehicle intended to transport a
plurality of passengers, and is typically a transit bus or a
highway coach. The bus 11 is equipped with a battery
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that stores power for vehicle, and is configured to be sup-
plied with power from the microgrid MG (perform external
charging) when the charging cable is connected to an
inlet (not shown) of the bus 11. The bus 11 is configured
to perform either manual driving or autonomous driving.
The bus 11 may be configured to switch between manual
driving and autonomous driving. The train 10 and the bus
11 are examples of the "public transportation."

[0039] In the example shown in FIG. 1, the CEMS 1
includes one HEMS 13, one generator 14, one variable
renewable energy source 15, one energy storage system
16, one train 10, and one bus 11. However, the CEMS 1
may include any number of these systems or pieces of
equipment. The CEMS 1 may include a plurality of these
systems or pieces of equipment. The CEMS 1 need not
include part of these systems or pieces of equipment.
The HEMS 13 may include equipment such as a gener-
ator, or may include the bidirectional charging equipment
17 and the vehicles 7, 8.

[0040] Although not shown in the figure, the CEMS 1
may further include a factory energy management sys-
tem (FEMS) and a building energy management system
(BEMS). The FEMS is a system that manages supply
and demand of power that is used in a factory, and in-
cludes a factory building and industrial facilities that are
operated by power supplied from the microgrid MG. The
FEMS may include power generation equipment in-
stalled in the factory. The BEMS is a system that man-
ages supply and demand of power that is used in a build-
ing such as office or commercial facility, and includes
lighting fixtures and air conditioning units installed in the
building. The BEMS may include power generation
equipment or a cold heat source system (waste heat re-
covery system, thermal energy storage system, etc.).
Each of the FEMS and the BEMS further includes a serv-
er capable of bidirectional communication with the CEMS
server 2.

[0041] Each of the HEMS 13, the generator 14, the
variable renewable energy source 15, the energy storage
system 16, the pieces of bidirectional charging equip-
ment 17 that are included in the CEMS 1 is an example
of the "plurality of power balancing resources."

[0042] The CEMS server2isacomputerthatmanages
the power balancing resources in the CEMS 1. The
CEMS server 2 includes a control device 21, a storage
device 22, and a communication device 23. The control
device 21 includes a processor and is configured to per-
form predetermined arithmetic processing. The storage
device 22 includes a memory storing programs to be ex-
ecuted by the control device 21, and stores various kinds
of information (maps, relational expressions, parame-
ters, etc.) to be usedin the programs. The communication
device 23 includes a communication interface and is con-
figured to communicate with the outside (other server
etc.).

[0043] The CEMS server2may be an aggregator serv-
er. An aggregator is an electric utility that bundles a plu-
rality of power balancing resources to provide an energy
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management service. The CEMS server 2 is an example
of the "server." The server 130 in the HEMS 13 can be
the "server."

[0044] The receiving substation 3 is provided at an in-
terconnection point (grid connection point) of the micro-
grid MG, and is configured to switch between parallel-on
(connection) and parallel-off (disconnection) of the mi-
crogrid MG and the power grid 4. Although not shown in
the figure, the receiving substation 3 includes a high-
voltage (primary) switchgear, a transformer, a protective
relay, a measuring device, and a control device. When
the microgrid MG is connected to the power grid 4, the
receiving substation 3 receives alternating current (AC)
power of, for example, extra high voltage (voltage higher
than 7000 V) from the power grid 4, steps down the volt-
age of the received power, and supplies the resultant
power to the microgrid MG.

[0045] The power grid 4 is a power network composed
of power plants and power transmission and distribution
facilities. In the present embodiment, an electric power
company serves as both a power producer and a power
transmission and distribution operator. The electric pow-
er company is a general power transmission and distri-
bution operator and is also an administrator of the power
grid 4, and maintains and manages the power grid 4.
[0046] The power transmission and distribution oper-
ator server 5 is a computer that belongs to the electric
power company and manages power supply and demand
of the power grid 4. The power transmission and distri-
bution operator server 5 is configured to bidirectionally
communicate with the CEMS server 2.

[0047] The publictransportation server 6 is a computer
that manages the operation of public transportation (train
10, bus 11, etc.). The public transportation server 6 is
configured to bidirectionally communicate with the CEMS
server 2.

[0048] The userterminal9isaterminalthatis operable
by a person who manages the vehicle 7, 8 (vehicle user).
The user terminal 9 receives input from the user. In the
present embodiment, the user terminal 9 is a smartphone
with a touch panel display. The user terminal 9 has a
built-in computer. The user terminal 9 is not limited to a
smartphone. For example, the user terminal 9 may be a
laptop, a tablet terminal, or a wearable terminal, etc.
[0049] The user terminal 9 is registered in the CEMS
server 2 in advance, and is configured to bidirectionally
communicate with the CEMS server 2. Application soft-
ware for setting a travel route that will be described later
(hereinafter also referred to as "mobile app") is installed
on the user terminal 9. The user can make a travel sched-
ule with the mobile app prior to a trip. The user terminal
9 can send and receive information to and from the CEMS
server 2 via the mobile app.

Power Supply and Demand Balance

[0050] Itis required to keep the power supply and de-
mand balance on the microgrid MG in order to stabilize
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power. Therefore, the CEMS server 2 performs power
balancing of the microgrid MG using the power balancing
resources in the CEMS 1. The CEMS server 2 can cause
the power balancing resources to serve as a virtual power
plant (VPP) by remotely and integratedly controlling the
power balancing resources.

[0051] The CEMS server 2 can perform demand re-
sponse (DR) for each power balancing resource in order
to integratedly control the power balancing resources as
a VPP. This DR requests power balancing of the micro-
grid MG (e.g., an increase in power consumption, a re-
duction in power consumption, or a reverse power flow)
to each power balancing resource.

[0052] Of the power balancing resources, the bidirec-
tional charging equipment 17 can cause the vehicle con-
nected to the bidirectional charging equipment 17 to per-
form the power balancing requested by the CEMS server
2. In the example of FIG. 1, the vehicle 7 can participate
in DR by performing external charging, and the vehicle
8 can participate in DR by performing external power
supply.

[0053] The users of the vehicles participating in DR
permit the CEMS server 2 to remotely control the vehi-
cles. In the situation where the CEMS server 2 is permit-
ted to remotely control the vehicles, the CEMS server 2
controls the bidirectional charging equipment 17 so that
the vehicles perform power balancing of the microgrid
MG (increase charging, reduce charging, or discharge
power). The vehicles 7, 8 can thus perform external
charging or external power supply in response to the re-
quest to participate in DR from the CEMS server 2.
[0054] However, even when participation in DR is re-
quested from the CEMS server 2, the vehicle cannot par-
ticipate in DR if the vehicle is not connected to the bidi-
rectional charging equipment 17. This may hinder
smooth power balancing of the microgrid MG. The user
of the vehicle is therefore required to connect the vehicle
to the bidirectional charging equipment 17 in advance
according to the time period during which DR is expected
to be performed.

[0055] However, the user cannot use the vehicle while
the vehicle is connected to the bidirectional charging
equipment 17. The user who wants to travel is therefore
forced to use a means of transportation other than the
vehicle, such as the train 10 or the bus 11. This may
reduce convenience for the user.

[0056] Accordingly, in the present embodiment, the
CEMS server 2 is configured to implement power bal-
ancing of the microgrid MG while taking user benefits
into account by sending and receiving information to and
from the user terminal 9. The user benefits include user
convenience in traveling and an economic value (reward)
that will be given for participation in DR.

[0057] Specifically, the CEMS server 2 is configured
so that, in a situation where the user of the vehicle sets
a travel route using the mobile app installed on the user
terminal 9, the CEMS server 2 presents to the user a
travel route obtained in view of the user benefits based
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on a travel schedule entered by the user and power sup-
ply and demand performance information acquired from
the power transmission and distribution operator server
5. By presenting the travel route to the user, the CEMS
server 2 suggests the user to keep the vehicle connected
to the power equipment on the date and time of travel,
when itis expected that power balancing of the microgrid
MG will be performed on the date and time of travel. The
CEMS server 2 also gives a reward to the user who re-
sponded to the request for participation in power balanc-
ing according to this suggestion.

Setting of Travel Route

[0058] FIG. 2is a flowchart of a process related to set-
ting of a travel route with the user terminal 9. This flow-
chart is called from a main routine, not shown, and re-
peatedly executed every time a predetermined condition
is satisfied or in predetermined cycles. In FIG. 2, a series
of steps to be performed by the user terminal 9 is shown
on the left side, and a series of steps to be performed by
the CEMS server 2 is shown on the right side. Each step
is implemented by software processing by the user ter-
minal 9 or the CEMS server 2, but may be implemented
by hardware (electric circuit) in the user terminal 9 or the
CEMS server 2. The term "step" is hereinafter abbrevi-
ated as "S."

[0059] As showninFIG. 2, in S11, the user terminal 9
determines whether input regarding a travel schedule
has been received from the user. The user can launch
the mobile app and enter a travel schedule to the user
terminal 9. The travel schedule includes information on
the date and time of travel, departure point, and destina-
tion point. The travel schedule may further include infor-
mation on scheduled departure time and/or scheduled
arrival time.

[0060] When user input regarding a travel schedule
has been received (YES in S11), the user terminal 9 gen-
erates schedule informationincluding the travel schedule
and the user’s identification information (user ID) and
sends the generated schedule information to the CEMS
server 2 in S12.

[0061] The user terminal 9 also generates user infor-
mation on the user and sends the generated user infor-
mation to the CEMS server 2in S13. The user information
includes the user ID and information on attributes of the
user. In the present embodiment, the attributes of a user
refer to attributes that describe properties regarding the
mobility of that user. For example, the attributes of a user
include information such as age, able-bodied, with disa-
bilities, pregnant, and having a child(ren). In general, eld-
erly people tend to have less mobility than young people.
People with disabilities tend to have less mobility than
able-bodied people. Pregnant people and people having
a child(ren) tend to have less mobility than people who
are not pregnant and people who do not have any chil-
dren. The user can skip entering attributes by registering
his or her attributes in the mobile app in advance.



11 EP 4 311 056 A1 12

[0062] The CEMS server2 determines whether sched-
ule information and user information have been received
from the user terminal 9 in S21. When schedule informa-
tion and user information have been received from the
user terminal 9 (YES in S21), the CEMS server 2 gener-
ates, based on the received information, travel route in-
formation indicating a travel route to be taken by the user
who operated the user terminal 9.

[0063] Specifically,in S22,the CEMS server 2 access-
es the power transmission and distribution operator serv-
er 5 to acquire information on power supply and demand
performance on the microgrid MG. The power supply and
demand performance information includes information
on changes in power supply and demand balance on the
microgrid MG and a history of DR events.

[0064] In S23, the CEMS server 2 predicts the power
supply and demand balance for the day of travel using
the date and time of travel included in the schedule in-
formation and the power supply and demand perform-
ance information acquiredin S22. In S23,the CEMS serv-
er 2 predicts the power supply and demand balance for
the day of travel by referring to the power supply and
demand performance information under similar condi-
tions of the season, weather, temperature, day of the
week, etc. to those on the date and time of travel. The
weather and temperature on the date and time of travel
can be acquired from the Japan Meteorological Agency
or other weather forecast services. The CEMS server 2
may predict the power supply and demand balance for
the day of travel using a power supply and demand fore-
cast produced by the power transmission and distribution
operator server 5.

[0065] Thereafter, in S24, the CEMS server 2 access-
es the public transportation server 6 to acquire operation
information of public transportation during the travel time
period for the day of travel. The travel time period can be
setbased on the scheduled departure time and/or sched-
uled arrival time included in the travel schedule. The op-
eration information of public transportation includes op-
eration schedules of the train 10 and the bus 11. The
operation information may include information indicating
the levels of crowdedness and the numbers of passen-
gers on the train 10 and the bus 11 during the travel time
period.

[0066] In S25, the CEMS server 2 generates travel
route information indicating a travel route from the de-
parture pointto the destination point, based onthe sched-
ule information and user information acquired in S21, the
power supply and demand balance for the day of travel
predicted in S23, and the operation information of public
transportation during the travel time period acquired in
S24.

[0067] FIG. 3 is a flowchart of an example of the step
of generating travel route information (S25 in FIG. 2).
[0068] As shownin FIG. 3, in S251, the CEMS server
2 calculates a plurality of travel routes from the departure
point to the destination point, based on the schedule in-
formation received from the user terminal 9, map infor-
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mation acquired in advance, and the operation informa-
tion of public transportation acquired from the public
transportation server 6. These travel routes include a
travel route using the vehicle owned by the user (person-
ally owned vehicle (POV)) and a travel route using public
transportation such as the train 10 and the bus 11. The
travel route using the POV corresponds to the "first travel
route," and the travel route using public transportation
corresponds to the "second travel route."

[0069] In S252,the CEMS server 2 calculates time re-
quired for the trip (required travel time) for each of the
calculated travel routes. The required travel time of the
travel route using the POV can be calculated based on,
for example, the distance of the travel route and the av-
erage vehicle speed on the travel route. The average
vehicle speed may be an actual value based on the driv-
ing history of the POV, or may be a value based on big
data collected from vehicles of the same type as that of
the POV. Alternatively, the required travel time may be
calculated based on the driving history of the POV (or a
vehicle of the same type as that of the POV).

[0070] The required travel time of the travel route using
the train 10 and/or the bus 11 includes riding time on the
train 10 and/or the bus 11, walking time from the depar-
ture point (e.g., home) to the nearest station or bus stop,
and walking time from the alighting station or bus stop of
the train 10 or the bus 11 to the destination point. The
riding time on the train 10 and/or the bus 11 can be cal-
culated based on the operation information of public
transportation. The walking time from the departure point
to the nearest station or bus stop can be calculated based
on the distance from the departure point to the nearest
station or bus stop and the average walking speed of
adults. The walking time from the alighting station or bus
stop to the destination point can be calculated based on
the distance from the alighting station or bus stop to the
destination point and the average walking speed of
adults.

[0071] Subsequently, in S253, the CEMS server 2 de-
termines, based on the user information, whether the us-
er has any predetermined attributes. The predetermined
attributes are attributes suggesting reduced mobility, and
include, for example, elderly, with disabilities, pregnant,
and having a child(ren). When the attributes of the user
include at least one of the following: elderly, with disabil-
ities, pregnant, and having a child(ren), the CEMS server
2 determines in step S253 that the user has a predeter-
mined attribute(s). When the attributes of the user do not
include any of the following: elderly, with disabilities,
pregnant, and having a child(ren), the CEMS server 2
determines that the user does not have any predeter-
mined attributes.

[0072] When the user has any predetermined at-
tributes described above (YES in S253), the routine pro-
ceeds to S260, and the CEMS server 2 calculates phys-
ical burden that will be imposed on the user by each of
the travel routes. In S260, the user’s walking distance on
each travel route is calculated as the physical burden.
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For example, in the case of the travel route using the
POV from the departure point to the destination point,
the user’s walking distance is substantially zero. There-
fore, the physical burden that will be imposed on the user
is also substantially zero. On the other hand, for the travel
route including walking from the departure point to the
nearest station, riding on the train 10 from the nearest
station to the alighting station, and walking from the
alighting station to the destination point, the sum of the
distances of these two walking sections is calculated as
the physical burden. The longer the walking distance, the
heavier the physical burden on the user is determined to
be.

[0073] In S261, the CEMS server 2 sets priorities for
the travel routes in ascending order of physical burden
on the user. In S261, the highest priority is set for the
travel route with the least physical burden, that is, the
travel route with the shortest walking distance, out of the
travel routes. The lowest priority is set for the travel route
with the heaviest physical burden, that is, the travel route
with the longest walking distance. The CEMS server 2
generates travel route information including the travel
routes with the set priorities.

[0074] Onthe other hand, when the user does nothave
any predetermined attributes in S253 (NO in S253), the
routine proceeds to S254, and the CEMS server 2 pre-
dicts a time period during which participation in DR will
be requested for the day of travel (hereinafter also re-
ferred to as "DR request time period"), based on the pow-
er supply and demand balance for the day of travel pre-
dicted in S23. The request for participationin DR includes
the details of the requested power balancing (e.g., down-
ward DR orupward DR) and the DR period (DR start time
and DR end time). Upward DR is basically DR that re-
quests anincrease indemand. However, when the power
balancing resources that receive a request are power
generation equipment, upward DR may request a reduc-
tion in supply to the power balancing resources. Down-
ward DR is DR that requests a reduction in demand or a
reverse power flow.

[0075] InS255,the CEMS server2 comparesthe travel
time periods of the travel routes with the DR request time
period predicted in S254, and determines whether the
travel time periods include the DR request time period.
The determination result in S255 is YES when at least
the travel time period of the travel route using the POV
includes the DR request time period. On the other hand,
the determination result in step S255 is NO when the
travel time period of the travel route using the POV does
not include the DR request time period.

[0076] When the travel time periods of the travel routes
include the DR request time period (when YES in S255),
the CEMS server 2 calculates, for each of the travel
routes, a reward to be given to the user of the vehicle for
participation in DR in S256. The reward may be, for ex-
ample, a discount on the fare of the train 10 or the bus
11. Forexample, the rewards may be funded by the elec-
tric power company or the management entity of the
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CEMS server 2in order to encourage participationin DR.
For the travel route using the POV, no reward will be
given to the user because the vehicle cannot participate
in DR.

[0077] In S257, the CEMS server 2 sets priorities for
the travel routes in descending order of reward. In S257,
the highest priority is set to the travel route with the high-
est reward out of the travel routes. The lowest priority is
set to the travel route with the lowest reward. The CEMS
server 2 generates travel route information including the
travel routes with the set priorities.

[0078] Referring back to S255, when the travel time
periods of the travel routes do notinclude the DR request
time period in S255 (NO in S255), the routine proceeds
to S258, and the CEMS server 2 calculates power con-
sumption per occupant for each of the travel routes. For
the travel route using the POV, the power consumption
per occupant can be calculated based on, for example,
the distance of the travel route and the electric mileage
of the POV. The electric mileage of the POV may be an
actual value based on the driving history of the POV, or
may be a value based on big data collected from vehicles
of the same type as that of the POV. Alternatively, the
electric mileage of the POV may be calculated based on
the driving history of the POV (or a vehicle of the same
type as that of the POV).

[0079] Forthe travel route using the train 10, the power
consumption per occupant can be calculated based on,
for example, the travel distance of the train 10 on the
travel route, the electric mileage of the train 10, and the
average number of occupants on the train 10. The electric
mileage of the train 10 and the average number of occu-
pants on the train 10 may be actual values based on the
travel history of the train 10, or may be values based on
big data collected from trains of the same type as that of
the train 10. The average number of occupants on the
train 10 is preferably the average number of occupants
during the travel time period of the travel route. The power
consumption per occupant can be calculated by dividing
the power consumption of the train 10 for the travel route
by the average number of occupants on the train 10.
[0080] For the travel route using the bus 11 as well,
the power consumption per occupant can be calculated
based on, for example, the travel distance of the bus 11
on the travel route, the electric mileage of the bus 11,
and the average number of occupants on the bus 11,
similarly to the travel route using the train 10. The electric
mileage of the bus 11 and the average number of occu-
pants on the bus 11 may be actual values based on the
travel history of the bus 11, or may be values based on
big data collected from buses of the same type as that
of the bus 11. The average number of occupants on the
bus 11 is preferably the average number of occupants
during the travel time period of the travel route. The power
consumption per occupant can be calculated by dividing
the power consumption of the bus 11 for the travel route
by the average number of occupants on the bus 11.
[0081] In S259, the CEMS server 2 sets priorities for
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the travel routes in ascending order of power consump-
tion per occupant. In S259, the highest priority is set to
the travel route with the least power consumption per
occupant out of the travel routes. The lowest priority is
set to the travel route with the largest power consumption
peroccupant. The CEMS server 2 generates travel route
information including the travel routes with the set prior-
ities.

[0082] Referring back to FIG. 2, the CEMS server 2
sends the generated travel route information to the user
terminal 9 in S26.

[0083] The userterminal 9 determines in S14 whether
travel route information has been received from the
CEMS server 2. In S14, when no travel route information
has been received from the CEMS server 2 within a pre-
determined time from when the schedule information and
the user information were sentto the CEMS server 2 (NO
in S14), the routine returns to S 12, and the user terminal
9 sends the schedule information and the user informa-
tion to the CEMS server 2 again.

[0084] When travel route information has been re-
ceived from the CEMS server 2 within the predetermined
time from when the schedule information and the user
information were sent to the CEMS server 2 (YES in S
14), the user terminal 9 presents the travel routes to the
user by displaying the received travel route information
on the touch panel display of the user terminal 9 in S15.
[0085] In S16, the user terminal 9 determines whether
any one of the travel routes has been selected. The de-
termination result in S 16 is YES when the touch panel
display has received a user operation to select one of
the travel routes.

[0086] When any one of the travel routes has been
selected (YES in S16), the routine proceeds to S17, and
the user terminal 9 gives the reward set for the selected
travel route to the user. In S 17, when the travel route
using public transportation has been selected, a coupon
for a discount on the fare of the train 10 or the bus 11 is
issued as a reward. The discount coupon can be used
when using the train 10 or the bus 11. When the travel
route using the POV has been selected, no discount cou-
pon is issued because no reward will be given.

Travel Route Display Examples

[0087] Next, presentation examples (display exam-
ples) of the travel routes obtained by the above process
will be described. In the following description, the travel
routes include four travel routes R1 to R4. The travel
route R1 is a travel route using the train 10. The travel
route R2 is a travel route using the bus 11 and the train
10. The travel route R3 is a travel route using the bus 11.
The travel route R4 is a travel route using the POV.

First Display Example

[0088] FIG. 4 shows a display example based on the
travel route information generated in S259 of FIG. 3. In
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S259 of FIG. 3, priorities (highest to fourth highest) are
set for the four travel routes R1 to R4 in ascending order
of power consumption per occupant.

[0089] As shown in FIG. 4, the four travel routes R1 to
R4 are displayed in descending order of priority. Depar-
ture time, estimated arrival time, and required travel time
are displayed for each travel route. A breakdown of each
travel route is also displayed. Since none of the travel
time periods of the travel routes include the DR request
time period, the travel route information does not include
information on a reward.

[0090] The travel route with the highest priority is the
travel route R1. The travel route R1 includes walking from
the departure point to the nearest station, riding on the
train 10 from the nearest station to the alighting station,
and walking from the alighting station to the destination
point. Power consumption P1 per occupant is the power
consumption per occupant while the train 10 travels from
the boarding station to the alighting station.

[0091] The travel route with the second highest priority
is the travel route R2. The travel route R2 includes walk-
ing from the departure pointto the nearestbus stop, riding
on the bus 11 from this bus stop to the boarding station,
riding on the train 10 from the boarding station to the
alighting station, and walking from the alighting station
to the destination point. Power consumption P21 per oc-
cupantis the power consumption per occupant of the bus
11 while the bus 11 travels from the bus stop to the board-
ing station. Power consumption P22 per occupant is the
power consumption per occupant of the train 10 while
the train 10 travels from the boarding station to the alight-
ing station. Power consumption P2 per occupant for the
travel route R2 is "P21 + P22."

[0092] The travel route with the third highest priority is
the travel route R3. The travel route R3 includes walking
from the departure point to the nearest bus stop, riding
on the bus 11 from the nearest bus stop to the alighting
bus stop, and walking from the alighting bus stop to the
destination point. Power consumption P3 per occupant
is the power consumption per occupant while the bus 11
travels from the bus stop to the alighting bus stop.
[0093] The travel route with the fourth highest priority
is the travel route R4. The travel route R4 includes driving
of the vehicle (POV) from the departure point to the des-
tination point. Power consumption P4 per occupantis the
power consumption per occupant while the POV travels
from the departure point to the destination point. P1 to
P4 have a relationship of "P1 < P2 < P3 < P4."

[0094] The user can select one of the travel routes R1
to R4 in view of his or her schedule for the day of travel
etc. by comparing the required travel time, estimated ar-
rival time, and power consumption among the travel
routes R1 to R4. For example, if the user is tight on time,
the user can select the travel route R4 with the earliest
estimated arrival time. If the user is not tight on time, the
user can select one of the travel routes R1 to R3 with
smaller power consumption per occupant than that of the
travel route R4. The user can contribute to a reduction
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in power consumption on the microgrid MG by taking a
travel route with small power consumption.

Second Display Example

[0095] FIG. 5 shows a display example based on the
travel route information generated in S257 of FIG. 3. In
S257 of FIG. 3, priorities are set for the four travel routes
R1 to R4 in descending order of reward.

[0096] As shown in FIG. 5, the four travel routes R1 to
R4 are displayed in descending order of priority. As in
the display example of FIG. 4, the departure time, esti-
mated arrival time, required travel time, and breakdown
of each travel route are shown in the display example of
FIG. 5. In addition, the DR request time period and the
reward that will be given to users who participated in DR
for each travel route are also shown in the display exam-
ple of FIG. 5.

[0097] The travel route with the highest priority is the
travel route R3. For the travel route R3, a coupon for a
discount on the fare of the bus 11 (A1 yen) will be given
to the user as a reward.

[0098] The travel route with the second highest priority
is the travel route R1. For the travel route R1, a coupon
for a discount on the fare of the train 10 (B1 yen) will be
given to the user as a reward.

[0099] The travel route with the third highest priority is
the travel route R2. For the travel route R2, a coupon for
adiscountonthe fare ofthe bus 11 (A2 yen)and a coupon
for a discount on the fare of the train 10 (B2 yen) will be
given to the user as a reward. That is, the reward for the
travel route R2 is "A2 + B2" yen.

[0100] The travel route with the fourth highest priority
is the travel route R4. For the travel route R4, the reward
is zero yen since the POV cannot participate in DR. A1,
B1, A2 + B2, and zero have a relationship of 0 < A2 + B2
<B1<A1.

[0101] The user can select one of the travel routes R1
to R4 in view of his or her schedule for the day of travel
etc. by comparing the required travel time, estimated ar-
rival time, and reward among the travel routes R1 to R4.
For example, if the user is tight on time, the user can
select the travel route R4 with no reward but the earliest
estimated arrival time. If the user is not tight on time, the
user can select one of the travel routes R1 to R3 by com-
paring the amount of the reward among the travel routes
R1 to R3. With the travel routes R1 to R3, it is possible
to adjust the power supply and demand balance on the
microgrid MG because the POV can participate in DR.

Third Display Example

[0102] FIG. 6 shows a display example based on the
travel route information generated in S261 of FIG. 3. In
S261 of FIG. 3, priorities are set for the four travel routes
R1 to R4 in ascending order of physical burden on the
user. As described above, the physical burden on the
user is based on the user’s walking distance.
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[0103] As shownin FIG. 6, the four travel routes R1 to
R4 are displayed in descending order of priority. As in
the display example of FIG. 4, the departure time, esti-
mated arrival time, required travel time, and breakdown
of each travel route are shown in the display example of
FIG. 6.

[0104] The travel route with the highest priority is the
travel route R4. The travel route with the second highest
priority is the travel route R3. The travel route with the
third highest priority is the travel route R2. The travel
route with the fourth highest priority is the travel route
R1. The travel route R4 imposes the least physical bur-
denontheuser. Thetravelroute R1imposesthe heaviest
physical burden on the user.

[0105] The display example of FIG. 6 is applied when
the user has any predetermined attributes. As described
above, the predetermined attributes are attributes sug-
gesting that the user has reduced mobility, and include,
for example, elderly, with disabilities, pregnant, and hav-
ing a child(ren). In the present embodiment, when the
attributes of the user include at least one of the following:
elderly, with disabilities, pregnant, and having a
child(ren), it is determined that the user has a predeter-
mined attribute(s).

[0106] The user can select one of the travel routes R1
to R4 by comparing the required travel time, estimated
arrival time, and physical burden among the travel routes
R1 to R4. For example, a user with reduced mobility can
select the travel route R4 that imposes the least physical
burden. Alternatively, the user can select one of the travel
routes R1 to R3 by comparing the estimated arrival time
andrequired travel time among the travel routes R1to R3.
[0107] As described above, with the server and the
power supply and demand balancing method according
to the embodiment, the user can select to either travel to
the destination point with the vehicle on the day of travel,
or keep the vehicle connected to the power equipment
as suggested by the serverto have the vehicle participate
in adjusting the power supply and demand balance,
based on his or her schedule for the day of travel. The
user can receive a reward in the case where the user
uses a means of transportation other than the vehicle on
the day of travel to have the vehicle participate in adjust-
ing the power supply and demand balance. The server
can thus encourage the user to have the vehicle partic-
ipate in adjusting the power supply and demand balance
while ensuring convenience and economic value for the
user. It is therefore possible to keep the power supply
and demand balance while taking user benefits into ac-
count.

[0108] The embodiment disclosed herein should be
considered to be illustrative in all respects and not re-
strictive. The scope of the present disclosure is defined
by the claims rather than by the above description of the
embodiment. The present disclosure includes all modifi-
cations within the meaning and scope equivalent to the
claims.
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Claims

A server (2) that is configured to manage power bal-
ancing resources electrically connected to a power
network (MG), the power balancing resources in-
cluding power equipment (17) configured to supply
power from a vehicle (8) to the power network (MG)
and to charge the vehicle (7) from the power network
(MG), the server (2) comprising:

a processor (21); and

a memory (22) storing a program that is execut-
able by the processor (21), wherein

the processor (21) is configured to, in response
to receipt of input of a travel schedule including
a date and time of travel, a departure point, and
a destination point from a user of the vehicle (7;
8), predict a power supply and demand balance
on the power network (MG) for the date and time
of travel according to the program, based on
power supply and demand performance infor-
mation of the power network (MG), and

the processor (21) is configured to, in response
to prediction that the power supply and demand
balance is going to be adjusted on the date and
time of travel, provide the user at least one of:

suggestion to keep the vehicle (7; 8) con-
nected to the power equipment (17) on the
date and time of travel; and

a reward for the vehicle (7; 8) responding
to a request to adjust the power supply and
demand balance.

The server (2) according to claim 1, wherein the proc-
essor (21)is configured to suggest traveling from the
departure point to the destination point using public
transportation (10; 11) as the suggestion.

The server (2) according to claim 2, wherein the proc-
essor (21) is configured to:

create a first travel route using the vehicle (7; 8)
and at least one second travel route using the
public transportation (10; 11), based on the trav-
el schedule; and

present the first travel route and the at least one
second travel route together with required travel
time of each travel route to the user.

4. Theserver(2)according to claim 3, wherein the proc-

essor (21) is configured to:

calculate, for each of the first travel route and
the at least one second travel route, power con-
sumption per occupant during the required trav-
el time;

set priorities for the first travel route and the at
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least one second travel route in ascending order
of the power consumption per occupant; and
present the first travel route and the at least one
second travel route to the user in descending
order of priority.

5. The server (2) according to any one of claims 1 to

3, wherein the processor (21) is configured to:

predict, based on the power supply and demand
performance information, a time period during
which the power supply and demand balance is
going to be adjusted on the date and time of
travel; and

present the predicted time period to the user.

6. The server (2) according to any one of claims 1 to

3, wherein the processor (21) is configured to
present information on the reward to the user.

The server (2) according to claim 1 or 2, wherein the
processor (21) is configured to, when the processor
(21)receives input of an attribute of the user together
with the travel schedule, determine whether to pro-
vide the user the suggestion depending on the at-
tribute of the user.

8. The server (2) according to claim 7, wherein:

the processor (21) is configured to provide the
suggestion when the user has a first attribute,
and not to provide the suggestion when the user
has a second attribute;

the first attribute includes able-bodied; and

the second attribute includes at least one of fol-
lowing: with disabilities, elderly, pregnant, and
having a child.

9. Theserver(2)accordingto claim 8, wherein the proc-

essor (21) is configured to:

create a first travel route using the vehicle (7; 8)
and atleast one second travel route using public
transportation (10; 11), based on the travel
schedule;

calculate, for each of the first travel route and
the at least one second travel route, the reward
to be provided to the user and physical burden
on the user;

set priorities for the first travel route and the at
least one second travel route in descending or-
der of the reward when the user has the first
attribute;

set priorities for the first travel route and the at
least one second travel route in ascending order
of the physical burden when the user has the
second attribute; and

present the first travel route and the atleast one
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second travel route to the user in descending
order of priority.

10. A power supply and demand balancing method in
which power balancing resources electrically con-
nected to a power network (MG) is managed, the
power balancing resources including power equip-
ment (17) configured to supply power from a vehicle
(8) to the power network (MG) and to charge the
vehicle (7) from the power network (MG), the power
supply and demand balancing method comprising:

in response to receipt of input of a travel sched-
ule including a date and time of travel, a depar-
ture point, and a destination point from a user
of the vehicle (7; 8), predicting a power supply
and demand balance on the power network
(MG) for the date and time of travel, based on
power supply and demand performance infor-
mation of the power network (MG); and

in response to prediction that the power supply
and demand balance is going to be adjusted on
the date and time of travel, providing the user at
least one of:

suggestion to keep the vehicle (7; 8) con-
nected to the power equipment (17) on the
date and time of travel; and

a reward for the vehicle (7; 8) responding
to a request to adjust the power supply and
demand balance.
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